Introduction
Lately, research on active nitrogen-rich substances has received considerable attention for several reasons. First, their high positive enthalpies may release a large amount of heat on combustion as dinitrogen (N 2 ) is one of the major products [1] . Second, the formed nitrogen molecule may achieve a high specific impulse without undesirable smoke or soot. Third, the nitrogen molecule is an environmentally friendly final product. Tetrazoles, with their heterocyclic ring structure, fall within this class of highnitrogen compounds [2] .
In fact, tetrazole is a class of synthetic five membered organic heterocyclic compounds containing four nitrogen atoms and one carbon atom and one hydrogen atom (Fig. 1) . The simplest is 1H-tetrazole itself CH 2 N 4 . It is white to pale yellow crystalline solid with weak characteristic odor, soluble in water and alcohol. It is acidic in nature due to presence of four nitrogen atoms. Numbering of tetrazoles were well known [3, 4] . Tetrazoles are usually explosives. They are unknown in nature. They are used as gas generating agent for air bags. Tetrazoles undergo electrophilic as well as nucleophilic substitution [5] .
Fig. 1. 1H-tetrazole
Due to the higher nitrogen content among the organic substances and the large positive enthalpies of formation, aminotetrazoles are prospective materials to be used, as blowing agents, solid propellants, and other combustible and thermally decomposing systems [6] [7] [8] [9] [10] . The number of publications devoted to the study of Tetrazoles increases each year. Significant advances have been made in their use in medicine [11, 12] and biology [13] .
They
are considered as bioisosteres of cis amides and carboxylic acids in medicinal chemistry with higher liphophilicity [14] . Although tetrazoles and their derivatives rarely occur in nature [15] the clear majority show biological activity [16] . Among them, 5-aminotetrazoles ( Fig. 1) show anti-allergic and anti-asthmatic [17] antiviral and anti-inflammatory [18] antineoplastic [19] and cognition disorder activities [20] . Related compounds such as 30-(5-amino-1,2,3,4-tetrazol-1-yl)-30-deoxy-thymidines and its derivatives were developed as anti-HIV drugs (Fig. 2) by Bayer [21] .
Since Azo group is considered as a biological active group [22] , we prepared in our work different azo tetrazole derivatives and they have been tested for their antimicrobial activity.
5-Aminotetrazoles
Anti-HIV drug 
Experimental
Materials and chemicals 5-Aminotetrazole and 2-alkyl phenols, potassium hydroxide, sodium nitrite, hydrochloric acid, alkyl halides and ethyl-4-hydroxybenzoate purchased from (Sigma-Aldrich). Methylene chloride, ethanol , DCC and DMAP purchased from (Fluka). All chemicals were of analytical grade and used without further purification.
Preparation of compounds Ta-d
Preparation of Diazotetrazole (T) 5 grams of 5-aminotetrazole were dissolved in 30 mL. of water containing 6 mL. of 25% sodium hydroxide solution. To this solution 3.4 grams of sodium nitrite and 170 grams of crushed ice were added while the reaction flask was cooled with a salt-ice bath. Slowly from dropping funnel 16 mL. of 30% cold hydrochloric acid was added at 0 o C. By the end of the diazotization the color of the solution became greenish. Diazotetrazole is very sensitive as even solution with greater concentration than 6-7% at 0° C decomposed explosively [23] .
Coupling with Phenol derivatives (a-d)
The prepared diazonium chloride was added to an equimolar amount of alkaline solutions of compounds (a-d) at 0 o C. The resulting precipitate was acidified and crystallized from absolute ethanol to yield compounds T a-d .
Preparation of Compounds T 8a-d and T 10a-d Preparation of 4-(alkoxy) benzoic acids 8 and 10
The 1-bromo alkane (0.030 mol.) was added dropwise to a stirred solution of ethyl -4-hydroxy benzoate (0.030 mol.) in 50 mL ethanolic potassium hydroxide (0.036 mol.). Stirring was continued for two hours at 60 o C. Then the reaction mixture was left overnight at room temperature. The product obtained is hydrolyzed by adding potassium hydroxide (0.030 mol.) and refluxed for three hours. The hydrolyzed product was then cooled and acidified with dilute hydrochloric acid. The resulting alkoxy acids were crystallized from glacial acetic acid and exhibited phase transition temperatures agreed with those reported in the literature [24] .
Esterification
Equimolar amount of both (T a-d ) and (8, 10) , (0.01 mol.) were dissolved in 50 ml methylene chloride. Dicyclohexyl carbodiimide (DCC, 0.011 mol.) and 4-dimethylamino pyridine, (DMAP as catalyst) were added to the solution mixture with stirring overnight at room temperature. The solution was filtered off and vaporized using rotary evaporator. The residue was crystallized from absolute ethanol to give (T 8a-d and T 10a-d ) [25] . 
SYNTHESIS AND STUDY ANTIMICROBIAL ACTIVITIES OF SOME NOVEL TETRAZOLE DERIVATIVES
Compound R R / Name T 8a H C 8 H 17 O- 4-((1H-tetrazol-5-yl)diazenyl)phenyl 4-(octyloxy)benzoate T 8b Me C 8 H 17 O- 4-((1H-tetrazol-5-yl)diazenyl)-2-methylphenyl-4-(octyloxy)benzoate T 8c C 2 H 5 C 8 H 17 O- 4-((1H-tetrazol-5-yl)diazenyl)-2-ethylphenyl-4-(octyloxy)benzoate T 8d Tert-butyl C 8 H 17 O- 4-((1H-tetrazol-5-yl)diazenyl)-2-(tert-butyl)phenyl-4-(octyloxy)benzoate T 10a H C 10 H 21 O- (4-((1H-tetrazol-5-yl)diazenyl)phenyl-4-(decyloxy)benzoate T 10b Me C 10 H 21 O- 4-((1H-tetrazol-5-yl)diazenyl)-2-methylphenyl-4-(decyloxy)benzoate T 10c C 2 H 5 C 10 H 21 O- 4-((1H-tetrazol-5-yl)diazenyl)-2-ethylphenyl-4-(decyloxy)benzoate T 10d Tert-butyl C 10 H 21 O- 4-((1H-tetrazol-5-yl)diazenyl)-2-(tert-butyl)phenyl-4-(decyloxy)benzoate
Infra-Red spectrum of T 8a-d and T 10a-d
The infra-red absorption bands for compounds T 8a-d and T 10a-d , (Table 3) , explain the following: • The -NH streatching bands appear at (3326 -3358 cm -1 ), whereas the -OH bands disappear (after estrification).
•
The carbonyl ester streatching bands appear within the expected ranges (1728 -1773cm -1 ). This is due to the π bond character of the carbonyl group (Fig. 3) .
• The C-O-C groups have the values ranged from 1244 cm -1 to 1252 cm -1 .
The other absorption bands of the eight compounds are reasonable in their values. 
SYNTHESIS AND STUDY ANTIMICROBIAL ACTIVITIES OF SOME NOVEL TETRAZOLE DERIVATIVES

Antimicrobial Activity
The antimicrobial activity of the newly synthesized compounds was screened for their antibacterial and antifungal activities using agar well diffusion method [26] . Mean zone of inhibition in mm beyond well diameter (6 mm) produced on a range of pathogenic microorganisms, using DMSO as solvent control, (The regional center of Mycology and Biotechnology, antimicrobial activity unit, AlAzhar University). The test was done using the diffusion agar technique, Well Diameter: 6.0 mm (100 mL was tested), RCMB. The sample was tested at 5mg/ml concentration.
Results and Discussion
Elucidation of structures of the prepared Table 4 In case of compound T b , the methyl protons have the chemical shift value of 3.22 ppm with singlet spin multiplicity.
The proton (c) has the spin multiplicity doublet of doublet, due to the unsymmetrical protons (a and b).
Nuclear Magnetic Resonance of compounds T 8a-d and T 10a-d
T 8,10a T 8,10b T 8,10c T 8,10d Where n = 8 and 10 .589 dd The spin multiplicity, s = singlet, d = doublet, t = triplet, q = quartet and dd = doublet of doublet and m = multiplet.
From Table 5 the above data are explained as follows:
The peaks related to the (OH-) proton disappeared which confirm the formation of esters for compounds T 8a-d and T 10a-d .
The highly deshielded aromatic proton (a) has the values of (7.689 to 7.824 ppm) for the eight compounds. 
Antimicrobial Activity
The pilot study of the antimicrobial Activity for the synthesized azo tetrazole derivatives are illustrated in the following tables.
Antimicrobial Activity of T a-d :
From data obtained in Tables 6 and 7 As illustrated in Table 7 and Escherichia coli), with respect to the reference one (Gentamycin), is shown as follows:
Compounds T 8c and T 10c have no effect on any of the two types of bacteria. 
Conclusion
The structures of the prepared compounds are elucidated using the conventional tools of analysis, (Elemental Analysis, FT-IR and 1 H-NMR spectroscopy).
The net result of using synthesized compounds versus microorganisms, (Gram +ve bacteria and Gram -ve bacteria) showed high antimicrobial activity.
Instead of the three compounds T a-c , T d gave higher antimicrobial action for both the two types of bacteria (Gram +ve and Gram -ve), Table (6).
In case of the eight compounds (T 8a-d and T 10a-d ), Table (7), T 8d and T 10d gave higher activity for both Gram +ve and Gram -ve bacteria than 
